Chemical Technology, Control and Management
Volume 2021

Issue 2

Article 9

5-17-2021

DEVELOPMENT AND IMPLEMENTATION OF TWO-DIMENSIONAL
FAULT-TOLERANT PROGRAMMABLE LOGICAL CONTROLLERS
Azizbek Nodirbekovich Yusupbekov
professor, Tashkent State Technical University Named After Islam Karimov, University street №2,Tashkent
city, Republic of Uzbekistan, E-mail:abek71@mail.ru, Phone:+998-91-135-18-02;, abek71@mail.ru

Nodirjon Turgunboy Ugli Tulaganov
Tashkent State Technical University Address: Universitetskayast., 100095, Tashkent city, Republic of
Uzbekistan;

Khurshid Salim Ugli Turaev
Tashkent State Technical University Named After Islam Karimov, University street №2,Tashkent city,
Republic of Uzbekistan, E-mail: xturayev@mail.ru, Phone:+998-90-325-85-55., xturayev@mail.ru

Follow this and additional works at: https://ijctcm.researchcommons.org/journal
Part of the Complex Fluids Commons, Controls and Control Theory Commons, Industrial Technology
Commons, and the Process Control and Systems Commons

Recommended Citation
Yusupbekov, Azizbek Nodirbekovich; Tulaganov, Nodirjon Turgunboy Ugli; and Turaev, Khurshid Salim Ugli
(2021) "DEVELOPMENT AND IMPLEMENTATION OF TWO-DIMENSIONAL FAULT-TOLERANT
PROGRAMMABLE LOGICAL CONTROLLERS," Chemical Technology, Control and Management: Vol. 2021:
Iss. 2, Article 9.
DOI: https://doi.org/10.51346/tstu-02.21.1-77-0009
Available at: https://ijctcm.researchcommons.org/journal/vol2021/iss2/9

This Article is brought to you for free and open access by Chemical Technology, Control and Management. It has
been accepted for inclusion in Chemical Technology, Control and Management by an authorized editor of Chemical
Technology, Control and Management.

ISSN 1815-4840,

E-ISSN 2181-1105

Himičeskaâ tehnologiâ. Kontrolʹ i upravlenie

СHEMICAL TECHNOLOGY.
CONTROL AND MANAGEMENT
2021, №2 (98) pp.63-70. https://doi.org/10.51346/tstu-02.21.1-77-0009
International scientific and technical journal
journal homepage: https://uzjournals.edu.uz/ijctcm/
Since 2005

DEVELOPMENT AND IMPLEMENTATION OF TWO-DIMENSIONAL FAULTTOLERANT PROGRAMMABLE LOGICAL CONTROLLERS
Yusupbekov Azizbek Nodirbekovich1, Tulaganov Nodirjon Turgunboy Ugli2 and
Turaev Khurshid Salim Ugli3
1,2,3

Tashkent State Technical University
Address: Universitetskayast., 100095, Tashkent city, Republic of Uzbekistan
E-mail:1abek71@mail.ru, Phone:+998-91-135-18-02;
E-mail: 2xturayev@mail.ru, Phone:+998-90-325-85-55.
Abstract: It has been revealed that a significant part of industrial control systems designed for technological
facilities with more than one input and one output and the most widespread are objects with two inputs and two
outputs.The article describes the programming environment for fault-tolerant two-dimensional control systems using PID
controller, which software is implemented in an environment for programmable logic controllers (PLC).An experimental
testing system has been implemented and software settings and regulator settings have been considered. Real-time PID
controllers and filters have been implemented. It has been implemented a variation of the control system software with
object imitation.
Keywords: Multidimensional control systems, PID controller, programmable logic controllers (PLC).
Аннотация: Технологик объектлари учун саноат бошқариш тизимларининг кўп қисми кириш ва чиқиши
биттадан кўп қилиб лойиҳаланади, иккита кириш ва иккита чиқишли объектлар энг кўп тарқалган. Ишда ПИДростлагичдан фойдаланиб, бузилишларга бардошли икки ўлчамли бошқариш тизимини дастурлаш муҳити
тавсифланган бўлиб, ПИД-ростлагичнинг дастурий таъминоти дастурланадиган мантиқий контроллерлар
(ДМК) муҳитида амалга оширилган. Тестдан ўтказишнинг тажрибавий тизими амалга оширилган,
ростлагичнинг дастурий таъминотини созлаш ва созлаш параметрлари кўриб чиқилган. Реал вақт режимида
ишлайдиган ПИД-ростлагичи ва фильтрлар амалга оширилган. Бошқариш тизимининг дастурий таъминотини
вариацияси объектни имтацияси билан амалга оширилган.
Таянч сўзлар: кўп ўлчамли бошқариш тизимлари, ПИД-ростлагич, дастурланадиган мантқий контроллер
(ДМК).
Аннотация: Выявлено, что значительная часть промышленных систем управления проектируется для
технологических объектов с более чем одним входом и одним выходом и что наибольшее распространение
получили объекты с двумя входами и двумя выходами. В работе описана среда программирования
отказоустойчивых двумерных систем управления с использованием ПИД-регулятора, программное обеспечение
для которых реализовано в среде программируемых логических контролеров (ПЛК). Реализована
экспериментальная система тестирования, рассмотрены настройки программного обеспечения и параметров
настройки регулятора. Реализована ПИД – регуляторы и фильтры, работающие в режиме реального времени.
Осуществлена вариация программного обеспечения системы управления с имитацией объекта.
Ключевые слова: Многомерные системы управления, ПИД-регулятор, программируемые логическе
контроллеры (ПЛК).

1.INTRODUCTION
Industrial control systems, usually, are multi-circuit and for the technological objects
management usually single loop regulators are used. Basically, for this purpose, a conventional PID
regulator is used, which can only control one circuit. They are very well known to the engineering
community. Using single-loop PID controllers contributes to the quality deterioration of object
management. In practice in production applications prefer to use multidimensional systems due to
obstructed and non-intuitive methods of adjusting the regulators parameters. Alternative to
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multidimensional control systems in the state spaceare multidimensional PID controllers, many of
which have two inputsand two outputs. As a result, we need to have a design methodology and the
multidimensional systems implementation of isodromic advance control [1-3].
2. TWO-DIMENSIONAL PID CONTROL
The poor quality processes in closed-loop control systems is due to the fact that onedimensional methods do not take into account the influence between the loops. Changing the task or
parameters, presence of noise or disturbances in one of the circuits affect all other indicators. The
diagram shown in Fig. 1 reflects the mutual influence of the control loops of a two-dimensional control
object.
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Fig.1. The control loops interaction of a two-dimensional control object.

Synthesized one-dimensional controllers in certain cases did not reflect the object dynamics.
Ignoring cross-links is one of the reasons for not achieving goals when controlling a multidimensional
control object according to the PID regulation law. There are various approaches to taking into account
the cross-link influence in the control object. One approach is to use information about the influence
between the circuits at the synthesis stage in the information form about a specific dynamics model
[4], maximum cost, models with uncertainties or the presence of disturbance interference. Another
approach is to attempt to eliminate as mutual influence when an automatic decomposition of a
multidimensional problem into N one-dimensional problems is carried out. One of these methods is the
use of filters, also called compensators. The latter are a dynamic system that takes into account the
mutual influence of cross-links (Fig. 2). At the synthesis stage, the object and the compensator are
considered one and the same. The control changes the u signals to u i to control the yi parameters [5-6].
Using a filter on a 2D object is justified due to the synthesis significant simplification and the
possibility of using SISO methods without complicating the closed system structure, which is the case
with a large object dimension.

Fig.2. Filter control.
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Let the object in Fig. 3 be described using the transfer matrix G(s)containing strictly regular
and stable transfer functions GtJ (s).
y1

u1
G11

G21

G12
y2

u2
G22

Fig.3. Two-dimensional control object.
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For both object outputs, we can write the equations:
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In accordance with Fig. 2, the control actions applied to the object input are formed as follows:
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When we replace (2) and (3) with (4), we get (5) and (6):
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The signal u 2 (s) must be excluded from (5), and the signal u l (5) must be excluded from (6).
Transforming expressions (5) and (6), we come to equations (8) and (9).Thus, we come to the
following form of the parametric model:
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3. THE HYBRID SYSTEM STRUCTURE
The software system is implemented using a SiemensS -7-CPU1513-1PN, MATLAB
programmable logic controller (fig.4).
In the ambient of the PLC programmable logic controller, a PID regulator and filters are
implemented that work in real-time with the ability to change the sampling steps. The program is
implemented in SCL (high-level structured language for PLC programming). It was implemented
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automatic and manual modes of system elements operation, which makes it possible to conduct
additional experiments[7-8].
SCADA system provides:
• visualization of processes occurring in the system - parameter values and graphs
in real time;
• settingthecontrollerparameters;
• control of the operating modes selecting processes, starting self-tuning
processes, recording experimental data from experiments, and etc.;
• provides communication in DSO to the controlled object.
OPC
SCADA
Process control:
-Start/Stop
-Auto tune
-Manual/Auto

Parametrs:
-PID
-Decoupling
-Filtrers

Graphical User Interface
-Plant parameters
-Decoupling Filters Calculation
-Graphics
-Logging
-Filtrers

Process:
-Graphics
-Logging

MATLAB – Real Time

CPU S7-1511 - Simulator

Real Time Control

SP1

Real Time Plant Simulation

𝑢ʹ

y1

u

PID 1

SP2

𝑢ʹ
PID 2

DECOUPLING
FILTERS

PLANT
u

y2

Fig.4. Hybrid system structure.

The SCADA system was implemented in the TIA Portal WinCC Advanced environment.The
graphic design makes it possible to monitor and control the processes taking place in the system. The
main subsystems - PID controllers, filters and automatic tuning block - can operate in manual and
automatic modes. Manual mode allows you to set the preset values at the inputs of the filters, monitor
and record the reaction at their outputs.The mnemocircuit system is shown in Fig. 5.
Automatic tuning block for PID regulators shown in fig. 6. Filters allow for individual control
settings.
After clarifying the structure and elements of the transfer filters matrix two separate PID
controllers are synthesized using second method Astrom and Hagglund [9-10]. The obtained
controllers are characterized by a certain margin in phase and modulus, which is important when the
compensator does not match or when the object change parameters.
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The regulators parameters are determined automatically. The corresponding circuit makes it
work in an oscillatory mode around the task, fixing the critical parameters of oscillations - period and
amplitude.
The controller tuning parameters are calculated. The same procedure is repeated for another
control loop.This concludes the controller synthesis. It is necessary to check the results obtained for
the closed-loop system quality and reliability.

Fig.5. Mnemocircuit control system.

After automatic adjustment of the controller parameters, perform regulatory testing and, if
necessary, additional adjustment of the regulators parameters can be performed [11].

Fig.6. Automatic tuning block for PID regulators.

Figure 7 shows a transient graph for automatic tuning,which reflects the behavior of the
control systemin the obtained oscillations form of the object output parameter.
To calculate the tuning parameters of the regulator, several iteration cycles are required,
after which the automatic tuning process is terminated.
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Fig.7. PID self-tuning transient diagram.

4. CONTROL OBJECT
The control object structure, which is a simplified model of a two-circuit thermal object, is
shown in Fig. 8.
The object parameter values are as follows:
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Fig.8. Structural diagram of the control object.

The object was implemented in the MATLAB environment, during which the following steps
were performed:
[1]Initialization of the OPC server;
[2]Implementation of the combined object model in the transfer functions form;
[3]Calculation of the compensator parameters;
[4]Transfer of PLC parameters via OPC;
[5]Launcha timer to implement the object model in real time.
The object for each signal transmission channel is implemented in the differential form
equations class:
( )
(
)
(
)
(
)
(
)
(11)

68

MANAGEMENT OF TECHNOLOGICAL PROCESSES

here at, in the polynomial equations coefficient in the numerator and denominator, respectively.To
minimize the computational resources used in the implementation on (11), the canonical
representation form of equations is used [12].
5. EXPERIMENTAL RESULTS
Figure 9 shows the operation of the filter in manual mode (open source loop). The graph also
shows that the filter output (Plant output 1) does not change and the filter output (Plant output 2) does
not change, which indicates that the filters are working properly. The graph also shows that the output
of filter 2 (Outputfilter 2) does not change, which means that it maintains output y2 (Plantoutput 2).

Fig.9. Open loop experiments.

The operation of the system in a closed loop is illustrated in Fig. 10. It can be seen that the
processing of changing the reference (SetPoint 1) while the output of the second loop (PlantOutput 2)
remains unchanged. [13].

Fig.10. The functioning result of a closed control system.

6. CONCLUSION
It was implemented an experimental testing system and software settings realization,developed
in the programming environment of logic controllersfor proportional-differential control of a twodimensional dynamic object.
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The object is programmatically implemented in the MATLAB environment using the OPC
communication of the control system with the research object. Implemented approachallows
developing and implementing the control system software validation with object simulations.A similar
system represents the first development and tested stage of closed-loop control system and allows
assessing the feasibility, efficiency and reliability of the constructed system.
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